The viral family is the basic unit of biologic classification of viruses.[@bib1] Viral families are designated with the suffix *viridae*. Families are distinguished largely on the basis of physiochemical properties, genome structure, morphology, and gene expression.[@bib2] [Table 201-1](#cetable1){ref-type="table"} lists some of the criteria that are used to differentiate human virus families.TABLE 201-1Major Criteria for Classifying Viral FamiliesCriterionBasis of ClassificationType of genomic nucleic acidDNA or RNANucleic acid strandednessds, ss, partially ds"Sense" of ss nucleic acid+, −, − with ambisenseCapsid morphologyIcosahedral, helical, or complexEnvelopePresent or absentGenome segmentationNumber of segmentsGenomic structureFor example, type of RNA cap, location of structural genes or repeat sequencesElectron micrographic (EM) appearanceFor example, bullet-shaped rhabdovirus or star-shaped astrovirusesSize of virion and/or genomeFor example, large genome DNA viruses like pox or herpesviruses versus small genome viruses like picorna-, parvo-, or hepadnavirusesNature of gene expression: nature and number of mRNA transcriptsFor example, use of genomic polyproteins (picorna-, flaviviruses); use of reverse transcriptase (retro-, hepadnaviruses); use of multiple 3„ nested genes (coronaviruses); use of RNA ambisense coding (arena-, bunyaviruses)[^1]

Twenty-four viral families have been implicated in human disease.[@bib3] These families are listed in [Table 201-2](#cetable2){ref-type="table"} . In some cases, humans serve as a reservoir for the viruses and the link to human disease is clear-cut. In other cases, humans may be incidental hosts or the link to disease may be more tenuous. [Table 201-3](#cetable3){ref-type="table"} lists specific viruses within each family that are linked to human disease.TABLE 201-2Families of Viruses that Infect HumansNameDerivation of Family NameGenomeSegmentationEnvelopeAdenoviridae"Gland"dsDNA1NakedArenaviridae"Sand"ssRNA2EnvelopedAstroviridae"Star"ssRNA1NakedBornaviridaeLocation in GermanyssRNA1EnvelopedBunyaviridaeLocation in UgandassRNA3EnvelopedCaliciviridae"Cup" or "chalice"ssRNA1NakedCircoviridae"Circular"ssDNA1NakedCoronaviridae"Crown"ssRNA1EnvelopedFiloviridae"Thread"ssRNA1EnvelopedFlaviviridae"Yellow"ssRNA1EnvelopedHepadnaviridae"Liver, DNA"partially ssDNA1EnvelopedHepeviridae"Hepatitis E"ssRNA1NakedHerpesviridae"Creeping"dsDNA1EnvelopedOrthomyxoviridae"True", "slime," or "mucus"ssRNA7--8EnvelopedPapillomaviridae"Bumpy", "tumor"dsRNA1NakedPolyomaviridae"Many", "tumor"dsDNA1NakedParamyxoviridae"Alongside", "slime," or "mucus"ssRNA1EnvelopedParvoviridae"Little"ssDNA1NakedPicornaviridae"Little", RNAssRNA1NakedPoxviridae"Pustule"dsDNA1VariableReoviridaeRespiratory, enteric, orphandsRNA10--12NakedRetroviridae"Backwards"ssRNA1 but diploidEnvelopedRhabdoviridae"Rod"ssRNA1EnvelopedTogaviridae"Cloak"ssRNA1Enveloped(delta)[a](#cetablefn1){ref-type="table-fn"}Fourth hepatitis groupssRNA1Enveloped[^2]TABLE 201-3Human Viral Infections Listed by Family[a](#cetablefn2){ref-type="table-fn"}NameRepresentative VirusesAdenoviridaeHuman adenovirus types 1--41ArenaviridaeLassa fever virus, lymphocytic choriomeningitis virus, Junin virus, Machupo virus, Guanarito virus, Sabia virus, white water Arroyo virusAstroviridaeHuman astrovirusesBornaviridaeBorna disease virusBunyaviridaeCalifornia encephalitis virus, sin nombre virus, LaCrosse viruses, hantaan virus, Muerto Canyon virus, Crimean--Congo hemorrhagic fever virus, Sandfly fever viruses, Rift Valley fever virus, and many othersCaliciviridaeNorwalk and Norwalk-like viruses, Sapporo and Sapporo-like virusesCircoviridaeTT (transfusion transmitted) virusCoronaviridaeHuman coronaviruses OC43 and 229E, human torovirus and other human enteric coronaviruses, SARS coronavirusFiloviridaeEbola virus, Marburg virusFlaviviridaeHepatitis C virus, hepatitis G virus, dengue virus, yellow fever virus, West Nile virus; St. Louis, Japanese B and Murray Valley encephalitis virusesHepadnaviridaeHepatitis B virusHepeviridaeHepatitis E virusHerpesviridaeHerpes simplex virus type 1, herpes simplex virus type 2, varicella-zoster virus, cytomegalovirus, Epstein--Barr virus, human herpesvirus 6, human herpesvirus 7, human herpesvirus 8OrthomyxoviridaeInfluenza viruses (A, B, and C)PapillomaviridaeHuman papilloma virus -- more than 60 types of varying oncogenicityPolyomaviridaeJC virus, BK virus, bocavirusParamyxoviridaeRubeola (measles), mumps, respiratory syncytial virus, parainfluenza viruses, metapneumoviruses, Hendra virus, Nipah virus, Menangle virusParvoviridaeB-19 virus, adeno-associated virusPicornaviridaeHuman rhinoviruses (more than 100 serotypes), enteroviruses (including poliovirus 1--3, Coxsackie A and B viruses, echoviruses, and other enteroviruses), hepatitis A virusPoxviridaeVariola (smallpox virus), molluscum contagiosum virus, monkeypox virus, vaccinia virus, orf virus, pseudocowpox virusReoviridaeHuman rotavirus, Colorado tick fever virus, human reovirus, Kemerovo virusRetroviridaeHuman immunodeficiency viruses, human T-lymphocyte lymphotropic viruses, human foamy virusRhabdoviridaeRabies virus, vesicular stomatitis virusTogaviridaeRubella virus; eastern equine, western equine, and Venezuelan equine encephalitis viruses; Ross River, Sindbis, and Semliki Forest viruses(delta)Hepatitis D virus[^3]

The discovery of new viruses and more careful characterization of known viruses have resulted in frequent changes in family nomenclature. Some of the more recent examples of such changes include: (1) the creation of new viral families such as circoviridae; (2) the splitting of a new viral family such as hepeviridae from caliciviridae; (3) the dividing of a viral family into two new families such as papillomaviridae and polyomaviridae from papovaviridae; and (4) the uniting of former separate viral families such as the incorporation of toroviridae into coronaviridae. Working groups within the International Committee on Taxonomy of Viruses (ICTV)[@bib4] have the responsibility of approving new viral names and making changes in classification. [Figure 201-1](#f1){ref-type="fig"}, [Figure 201-2](#f2){ref-type="fig"}, [Figure 201-3](#f3){ref-type="fig"} illustrate the relationships between some of the viral families in terms of key biological criteria listed in [Table 201-1](#cetable1){ref-type="table"}.Figure 201-1Organizational chart of the eight viral families with DNA genomes. The chart groups virus families using the strandedness of the viral genome, the structure of the capsid, and the presence or absence of an envelope. All of these viruses are nonsegmented. Like retroviruses, hepadnaviruses contain reverse transcriptase.Figure 201-2Organizational chart of the eight viral families with a positive-sense RNA (mRNA-like) genome. The chart groups virus families using the presence or absence of an envelope, the presence of reverse transcriptase, and the structure of the capsid. All of these viruses have a singlestranded, nonsegmented viral genome.Figure 201-3Organizational chart of the remaining eight RNA viral families including the negative singled-stranded (complementary to message sense) and double-stranded RNA viruses. The chart groups the families using the structure of the genome, presence or absence of an envelope, and the presence or absence of ambisense gene expression. For segmented viruses, the number of genome segments is listed in parentheses.

Viral families are subdivided in a variety of ways including into subfamilies (suffix *virinae*), genera (suffix *virus*), and species (suffix *virus*). The conventions for naming species are somewhat arbitrary and vary from family to family. In some families such as papillomaviridae, viruses are considered to be equivalent species if they differ by less than 50% of their genomic sequence. In others, like picornaviridae, cross-neutralizing antibodies define a species. In still others, like retroviridae, differences in gene structure are the defining feature. In most families, differences in host range are an important consideration. Species may be further subdivided into groups, clades, and isolates.

In addition to biologic classification, viruses often are categorized according to their mode of transmission. [Box 201-1](#cetextbox1){ref-type="boxed-text"} lists the major routes of transmission in humans, with representative examples of viruses transmitted by each route.BOX 201-1Routes of Viral Transmission•Respiratory (droplet, aerosol, respiratory secretions on the hands and elsewhere, oral exchange),[a](#fn1){ref-type="fn"} e.g., influenza virus, varicella-zoster virus, human rhinovirus, human adenovirus, respiratory syncytial virus, parainfluenza virus, metapneumovirus•Fecal-oral,[a](#fn1){ref-type="fn"} e.g., polioviruses, Coxsackie viruses, hepatitis A virus, rotavirus, astrovirus, Norwalk virus•Direct contact,[a](#fn1){ref-type="fn"} e.g., human papillomavirus (HPV), molluscum contagiosum, HSV-1•Sexual transmission,[a](#fn1){ref-type="fn"} e.g., HIV-1, HTLV-1, HBV, HPV 16 &18, HSV-2•Urine-associated transmission, e.g., CMV•Parenteral transmission (blood and blood products, transplantation, tattooing, and scarification),[a](#fn1){ref-type="fn"} e.g., HIV-1, HBV, HCV•Animal bite, e.g., rabies virus•Vertical (germline, intrauterine, perinatal, breastmilk),[a](#fn1){ref-type="fn"} e.g. HIV-1, HTLV-1, germline transmission of endogenous retroviruses•Arthropod-borne transmission (mosquitos, ticks, sandflies),[a](#fn1){ref-type="fn"} e.g., Japanese encephalitis virus, West Nile virus, dengue virus, yellow fever virus, and many others•Zoonotic infections --- rodent-associated transmission, e.g., lassa fever virus, sin nombre and other hanta viruses•Zoonotic infections --- bat-associated transmission, e.g., rabies virus, Nipah virus, Ebola virus, SARS CoV•Zoonotic infection --- other (cows, sheep, monkeys, etc.), e.g., herpes B virus, monkeypox virus, orf virus, cowpox virus

Understanding viral classification can lead to important generalizations regarding the prevention and treatment of viral infection as well as insights into the epidemiology and evolution of viruses.

The most common routes of human viral transmission.

[^1]: ds, double stranded; ss, single stranded

[^2]: Unclassi A ed virus.

[^3]: Some zoonoses are included.
